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Abstract. Biopolymer foam was prepared based on vegetable oil and Polyol Flexible (Epoxy) with 
commercial Polymethane Polyphenyl Isocyanate (Modified Polymeric-MDI) as laminated foam. 
The acoustic property of biopolymer foam was examined by impedance tube test according to 
ASTM E-1050 of sound absorption coefficient (α). From the result obtain, sample D and sample C 
are the best result of sound absorption coefficient (α) for biopolymer foam and epoxy foam with the 
value are 0.867 and 0.817 respectively. By using the sound behavior theory, when the thickness is 
increase the sound absorption is also increase as same as in this study. The noise reduction 
coefficient (NRC) of sample D is 38.26% while for sample C is 37.42%. 
Introduction 
Bio foam  with controlled pore size and structure can be produced from biodegradable polymers 
from renewable resources such as vegetable oils (VOs) obtained from agricultural products of 
soybean, palm oil, rapeseed, sunflower and coconut. In this research, bio foam and commercial 
foam is laminate with difference thicknesses is used to examine the sound absorption according to 
previous studies [1-14].  
 The sound absorption measurement is related to the capacity of material to absorb, reflect 
and dissipate energy. Polymeric foams are well suitable for this application. They can undergo large 
compressive deformation and absorb considerable amounts of specific energy [15]. 
Organic lamination on the absorbing material may also help in increase the sound absorption 
coefficient as compared to the product without laminated [16]. Basically, effective sound absorbers 
are usually porous, with performance increasing with thickness. Another important material 
properties are included the porosity, tortuosity and flow resistance [17]. 
 
Experimental 
  
Raw Materials. The raw materials for biopolymer laminated epoxy foam: bio-monomer based 
on waste cooking oil monomer [7-14], flexible isocyanate, Polyol flexible (Epoxy). 
Foam Production. Bio-monomer based on waste cooking oil from Small Medium Entrepreneur 
(SME’s) was prepared beginning with a preparation of the catalyst [1-14]. The monomer and 
flexible isocyanate were vigorously and left to cure for 30 minutes stirred, Polyol flexible and 
flexible isocyanate were mixed and laminated on top of bio-monomer foam. The laminated were 
then immediately cast into open mould before the foam is expanded out. It was left for 12 hours to 
reach cured [6]. Fig. 1 shows the biopolymer laminated epoxy foam production. 
 
Fig. 1. Biopolymer laminated epoxy foam 
Biopolymer 
Foam 
Epoxy 
Foam 
Key Engineering Materials Vols. 594-595 (2014) pp 291-295
© (2014) Trans Tech Publications, Switzerland
doi:10.4028/www.scientific.net/KEM.594-595.291
SEM. The top surface of laminated biopolymer foam samples were sputter coated with gold at 
25 mA plasma current and 2 Pa of chamber pressure to make them conducting samples. Cellular 
structure images were examined by using SEM of JEOL-JSM6380LA operates at 15 kV at 30 µm 
magnifier under high vacuum.  
 
Table 1. Thickness ratio of Biopolymer foam and Epoxy foam 
Sample Biopolymer Laminated Epoxy Foam 
Epoxy Biopolymer Epoxy Biopolymer 
A 4 6 X X 
B 5 5 X X 
C 6 4 X X 
D X X 6 4 
E X X 5 5 
F X X 4 6 
 
Acoustic Property. The biopolymer laminated epoxy foam with three different ratios of 
thicknesses show in Table 1, samples were prepared and were tested in two sides near the 
loudspeaker respectively. Each samples had a different ratio. The samples were tested by using 
impedance tube test according ASTM E1050 for horizontally mounted orientation sensitive 
materials for the frequency range of 100-6000 Hz [3]. Impedance tube is used to test sound 
absorption of the samples at low frequency level by 100 mm sample diameter, while sound 
absorption at high frequency were determined by using 28 mm sample diameter. 
 
Result and Discussion  
 
 
Fig. 2. SEM micrograph : (a) Biopolymer foam, (b) Epoxy foam and (c) Biopolymer laminated 
foam. 
 
Morphology structure. The morphologies of these foam surfaces were investigated. The SEM 
images of the surfaces are referred to Fig. 2(a), Fig. 2(b) and Fig. 2(c). When compare the all foams 
fabricated, larger cells were found on Fig. 2(a) the cellular-structure of biopolymer foam observed 
from the surface perpendicular to the foam direction. The previous researchers [14,15] Fig. 2(b) 
mentioned that the open cell were formed from cell which contained many small open-windows 
located on its cell-wall whilst these open-window formation caused the struts developed throughout 
the foam system. Fig. 2(c) showed that there was much difference and having non uniform cell 
structure in between cellular structure of biopolymer foam and epoxy foam. 
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 Fig. 3 Sound absorption coefficient of biopolymer laminated epoxy foam with different thickness 
ratio (A) Sample of Epoxy foam near the loudspeaker (B) Sample of Biopolymer foam near the 
loudspeaker. 
Acoustic analysis. Fig. 3 shows the acoustic absorption behavior of laminated biopolymer foams, 
depending on their thickness. As the sound absorption increases, the foam thickness also increases 
from A, B and C at the higher frequency as shown in Fig. 3. The higher value of sound absorption 
coefficient at C is 0.87. But there are opposite result as shown in Fig. 4 which is foam thickness 
from D, E and F sound absorption increases but sometime fluctuating data found at the lower 
frequency. The higher value of sound absorption coefficient at D is 0.82. Hence, C is better than D. 
Similar observation was found in previous study [16] that is when the thickness of foam increased, 
the sound absorption coefficient increases to the higher value. This is due to the increased of 
damping in foams with higher thickness [17]. 
 
 
Fig. 4. NRC of Biopolymer laminated epoxy foam 
Fig. 4 present results of NRC calculated thickness from 40 mm to 60 mm. In this case, the result 
clearly showed that for NRC value for Epoxy foam near the loudspeaker increase while the 
thickness is increase, opposite to NRC value for biopolymer. This is because the sound dampening 
in polymeric foam is related to the effect of the interaction between different characteristic for both 
material (Epoxy and Biopolymer foam) and morphology of foam [15,16]. 
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Conclusion 
For the conclusion, the cell size diameter of the laminating biopolymer foam and there thickness 
influences the sound absorption coefficient. When the thickness is increases the sound absorption 
also increases.  
Acknowledgements 
The author would like to thanks Universiti Tun Hussein Onn Malaysia (UTHM), Johor and 
Malaysian Government for supporting this research under Malaysian Technical University Center 
of Excellent (MTUN-COE) vot C014. 
References 
[1]  Andrew J. C., Leornarde M., Anika Zafiah M.Rus., (2003) Private Comm., DEFRA, . 
[2] Anika Zafiah M. Rus.,(2008) Degradation Studies of Polyurethanes Based On Vegetables Oils. 
(part I)., Prog in Reaction Kinetic And Mechanism, Science Reviews, vol 33, Pp 363-391, .  
[3] Anika Zafiah M. Rus.,(2009) Degradation Studies of Polyurethanes Based On Vegetable Oils. 
Part 2; Thermal Degradation And Materials Properties, Prog React Kinetic And Mechanism, 
Science Reviews, vol 34, pp 1-43,.  
[4]Anika Zafiah M. Rus, (April 2009)Effect of Titanium Dioxide on Material Properties for         
Renewable Rapeseed and Sunflower Polyurethane, International Journal of Integrated 
Engineering (Issues on Mechanical, Materials and Manufacturing Engineering), Volume 1, No 
1,: ISSN:1985-854X  
[5] Anika Zafiah M. Rus, (August 2009) Material Properties of Novelty Polyurethane Based On 
Vegetable Oils, The 11th International Conference onx QiR (Quality in Research), Depok, 
Indonesia, 3-6  
[6] Anika Zafiah M. Rus, (2010) Polymer from Renewable Materials, Science Progress, vol 3, 93, 
1-16 available online; www.scilet.com/DB/SPROG. 
[7] Anika Zafiah M. Rus, Muhamad Soqhimi Mohamad Isa, and NurulSaidatulSyida Sulong (2013): 
Scaling Up Manufacturing Process Output of a Monomer Processing Reactor, 4th ICMMT, 
Seoul Korea 
[8] Nurulsaidatulsyida Sulong, Anika Zafiah M. Rus, Nik Normunira Mat Hassan, Siti Rahmah 
Mohid: Morphology and Mechanical Properties of HDPE / Bio-polymer as Compounding 
Material, 4th ICMMT, Seoul Korea (2013) 
[9] Nik Normunira Mat Hassan, Anika Zafiah M. Rus , Nurulsaidatulsyida S., and Siti Rahmah 
Mohid: Acoustic Study based on Sustainable Green Polymer Treated with H2O, 4th ICMMT, 
Seoul Korea (2013) 
[10] Siti Rahmah Mohid, Anika Zafiah M. Rus, Nurulsaidatulsyida S., D. A. Talib, and T. M. Y. S. 
Tuan Ya: Mechanical Properties of UV Irradiated Bio Polymer Thin Films Doped With 
Titanium Dioxide, 4th ICMMT, Seoul Korea (2013) 
[11] Nurulsaidatulsyida Sulong, Anika Zafiah M. Rus: Influence of TiO2 on Selfclean Bio Coating, 
3rd ICME, Johor Malaysia (2012) 
[12] M. Khairul Zaimy A. G., Anika Zafiah M. Rus, and Najibah A. Latif: Characterization of High 
Density Solid Waste Biopolymer Foam, 4th ICMMT, Seoul Korea (2013) 
294 Advanced Materials Engineering and Technology II
[13] Rahimah Abd Rahim, Anika Zafiah M. Rus, Anis Suraya Ahmad Bakhtiar: Preliminary 
Fabrication of Polymer Membranes from Renewable Resources, 3rd ICME, Johor Malaysia 
(2012) 
[14] M. Khairul Zaimy Abd Ghani, Anika Zafiah M. Rus: Influence of Hot Compression Molding 
of Biopolymer Filled Waste Granulate Biopolymer, 3rd ICME, Johor Malaysia (2012) 
[15] Avalle. M., Belingardi. G & Montanini . R. (2000) Characterization of Polymeric Structural 
foams under Compressive Impact Loading by Means of Energy-Absorption Diagram. 
International Journal of Impact Engineering. Vol 25, pp 455-472.  
[16] Abd-El Fattah., A.Mahmuod., Khaled E. El-Nagar (2008). Characterization of the Acoustic 
Behaviours of Laminated Polyester Fabric using Different Adhesion System. Australian 
Journal of Asic And Applied Sciencess. Vol 4, pp 96-101. 
[17] Saha. P & Carey. A.B. (2003). Acoustical Materials Workshop. SAE Acoustical Material  
Committee. Lear Corporation. 
Key Engineering Materials Vols. 594-595 295
